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NAn in vitro mucus assay was developed to study the role of mucus gel and secretory immunoglobulin A (slgA)
in preventing attachment of Campylobacterjejuni to INT 407 cells. An overlay of rabbit small intestinal mucus
was found to impede the attachment of C.jejuni to a monolayer of INT 407 cells. Mucus from rabbits previously
colonized with C. jejuni was found to completely inhibit bacterial adherence to the underlying cells.
Anti-Campylobacter sigA was readily detected in mucus samples from previously exposed rabbits and was
responsible for eliminating bacterial adherence to the INT 407 cells. This was show'n by loss of inhibition after
mucus absorption with Campylobacter cells. sigA-containing mucus caused aggregation of the C. jejuni cells
within the mucus layer of the assay system. Nonimmune mucus and slgA alone were unable to cause bacterial
aggregation, suggesting a cooperative role for mucus and sigA. Antibodies responsible for adhesion inhibition
were cross-reactive among several Campylobacter strains and were not directed solely against flagellar antigens.

The role of secretory immunoglobulin A (slgA) in gastro- rabbits challenged via the RITARD procedure (3: D. H.
intestinal immune responses remains unclear. sIgA binds to Burr, M. B. Caldwell, S. K. Kirtland, A. L. Bourgeois, R.
and agglutinates bacteria but is not thought to be bacteri- Wistar, and R. I. Walker. Abstr. Annu. Meet. Am. Soc.
ocidal (10). Using an experimental cholera infection model. Microbiol. 1986. B-237. p. 63).
Freter (11) showed that Vibrio cholerae remained viable in The mucus layer that covers the intestinal epithelium is a
the presence of specific slgA but lost its ability to persist in substantial structure (25). consisting of a heterogeneous
the intestine. Rapid clearance of Campylohacterjcjuni from mixture of proteins and very large molecular weight gl,,o-
the intestines of immune rabbits has also been shown (3). proteins called mucins (5). slgA appears to bind to mucin
Several mechanisms may explain these events. glycoproteins through hydrogen or disulfide bonds (5. 10). In

It is possible that sIgA exerts this protective effect by addition, the hinge region of the human IgA molecule is
binding to the bacterial surface and causing aggregation of similar in both amino acid and carbohydrate properties to
the bacteria (14). The presence of antibody-antigen corn- intestinal mucin glycoproteins (13). These structural similar-
plexes in the gut is known to stimulate the production and ities tend to make sIgA more soluble in mucus than other
flow of mucus (17). Trapping of pathogens within the mucus classes (or subclasses) of immunoglobulins. This property
and their subsequent expulsion have been observed for has led some to suggest that sigA may form a monolayer of
Salmonella sp. (23). Vihrio spp. (11). and the Trichine/la antibodies at the mucoluminal interface as a barrier to
parasite (1). pathogens (13).

sigA-coated bacteria may also be unable to move toward We report here the use of an in vitro mucus assay to assess
or bind to specific receptor sites necessary for persistence on the interactions of C. jejuni with tissue culture cells overlaid
the mucosal surface. Williams and Gibbons (27) noted that with mucus from normal rabbits and from rabbits previously
streptococci present in human saliva were coated with sIgA challenged with C. jejuni. A cooperative role for campylo-
and that the presence of this sIgA significantly reduced the bacter-specific sIgA and mucus in preventing bacterial ad-
number of bacteria able to bind to human buccal cells. In herence through aggregation of bacteria ,Aas suggested.
addition. Magnusson and Stjernstrom (23) noted that sIgA-
coated salmonella carried a reduced negative surface charge
and that their affinity for the layer of mucus that covers the MATERIALS AND METHODS
mucosal surface was increased. Bacteria and growth conditions. A clinical isolate of C.

Mucin glycoprotein- are also known to bind avidly to 'jeuni (WR-61 was obtained from Walter Reed Arm, Medical
bacterial surtaces (6, 8. 14). Escherichia co/i and C..]ciuni Center. Washington D.C. Motile (M I and nonmotile (F
attach to nonimmune rabbit intestinal mucus films in vitro variants of C. jeuni strain 81116 were kindlN provided by

* (18. 24). In addition, a mucus penetration assay was recently D.G. Newell (Center for Applied Microbiology. Salisbury.
used to demonstrate retention to Salmonella lipopolysaccha- United Kingdom). Additional motile IBS) and nonmotile

ride mutants within a layer of mouse intestinal mucus gel (B-NS) variants ere obtained from Robert Black (Center

(D. C. Laux. J. J. Nivola. and P. S. Cohen, Abstr. Annu. for Vaccine Development. ainiversi of Maryland Medical

Meet. Am. Soc. Microbiol. 1986. D-37. p. 72). Together, School. Baltimore). C. .jUi strain HC. used in most exper-

mucin and specific sIgA may even more effectively bind to iments. was a blood culture isolate from a patien t expthe

and aggregate bacteria within the mucus layer. Pathogens Bethesda Naval Hospital. Bethesda. Md. Additional strains
subsequently trapped within the mucus may then be more were obtained from the Naval Medical Research Institute
events r'u"c by normal intestinal persta s. These culture ccloccior The E. to/i K-12 strains were supplied by
events would be consistent with observations in immune Richard Wilson, E. (oi Retercntc Ccnte, Pennsyisanh,

State University. University Park.
• Corresponding author. Radiolabeling of bacterial cultures. C. fijuni cells were
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radiolabeled with sodium [3HI acetate as previously de- TABLE 1. Adherence of C. jijunistrains to INT 407 cells

scribed (24). overlaid %kith intestinal mucus

Adhesion assay. A previously described adhesion assay CFU. 10"vcll.' ± SE
was used to study campylobacter adherence (18). Briefly, Strain
INT 407 cells were seeded into 24-well polystyrene tissue 11Itu n

culture plates and allowed to form mopolayers overnight.
The following day, the wells were washe] twice with 0.5 ml HC 4.2 0.1 12.0 0.2 28.8 0.1 5.5 0.1
of HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesul- M' (81116) 11.1 ± 1.2 23.3 1.3 50,2 ± 0.9 10.9 0.1

fonic acid)-Hanks (HH) buffer, pH 7.4. Radiolabeled C. F (811161 3.1 ± 0.2 8.4 ± 0.3 10.0 ± 0.2 5.3 ± 0.2

jejuni cells were also washed and suspended in HH buffer. BS 8.4 ± 0.7 24.6 ± 0.4 42.2 _ 2.5 11.8 ± 1.1B- S7.1 .7 1 . .. .20.2 0.5 8.2 0.
Immediately after the INT 407 cells were washed, 0.25 ml of B-NS 7.1 0.7 12.5 2.2 20 0.8 8. _ 0.8E8 1(1.3 0 (.3 14.3 ± 0.2 13.0 -+ ((.8 7.8 ±0.3
approximately 10' CFU of 'H-labeled campylobacter was WR-6 21.5 ± (0.7 22.6 3.0 76.4 t 2.3 17.2 1.5
added to each well. The tissue culture plates were then
incubated at 37'C for 3 h. Subsequently, the wells were Mean CFt per "ell siere deteimined from trplcate sets of %kells.
washed with HH buffer to remove nonadherent bacteria. tINT 407 cells "iere oserlaid Ai ith 0.4 ml of intestinal muct s or BSA.

Adherent bacteria were recovered by adding 0.5 ml of 0.5.' Control consisted of 0.4 nl of BSA added to empty pokst rnc ell.

sodium dodecyl sulfate (SDS) to each well and reincubating
the plates foi 2 it. Sample, (0.25 ro.! were ,en removed, and immunosorbent assay IELISAI titer, <20) in this assay (data
the level of radioactivity was determined, not shown). The peroxidase substrate used in the sIgA

Rabbit immunization. New Zealand White rabbits (Dutch- ELISA was ABTS (2.2'-azino-dil3-ethyl-benzthiazoline
lands Labs, Inc., Denver. Pa.) were fed approximately 10l" sulfonatel) and was measured at 414 ltm.
CFU of live C. jejuni HC by the method of Cray et al. (7). Flagellum preparation. C. fjeuni HC flagellar antigen, used
Rabbits were subsequently challenged with the RITARD in adsorption and ELISA studies, was isolated by a modifi-
procedure (4). Immunity was assessed by a rise in sIgA titer cation of the method of Logan and Trust (20). The acid
and rapid clearance of the bacteria (Burr et al., Abstr. Annu. dissociation step was omitted to ensure the recovery of
Meet. Am. Soc. Microbiol. 1986). large-molecular-weight flagella with unaltered antigenic

Preparation of intestinal mucus. Rabbit small intestinal sites. Flagellum preparations were examined by high-pres-
mucus was prepared by the method of Laux et al. (18). sure liquid chromatography. Samples were run on a Waters
Mucus samples were collected from normal rabbits and from 840 (Waters Associates. Inc.. Milford. Mass.) high-pressure
rabbits previously coloiized with C. jejuni HC. All mucus liquid chromatography by using a WISP 710 injection system
preparations were dialyzed against HH b:tffer. pH 7.4. and with an SW-125 Protein-Pak exclusion column. The running
adjusted to a protein concentration of 1.0 mg/ml. Protein was buffer was 10 mM Tris, pH 8.0. and the flow rate was 0.5
measured by the method of Lowry et al. (221. Some mucus ml/min. Flagellum preparations were also examined by SDS-
samples were adsorbed with approximately 5 x 10" CFU of polyacrylamide gel electrophoresis. Samples were sus-
C. jejuni HC or E. coli K-12 for 1 h at 4'C. Bacteria were pended in 20 mM Tris, pH 7.4. and solubilized in SDS buffer
subsequently remoed by centrifugation, and the adsorbed by boiling for 5 min. Electrophoresis was done by using 4%,
mucus was stored at 20'C. stacking gels and 9 to 16,; gradient separation gels. Gels

Mucus inhibition assay. The INT 407 cell adhesion assay were run at a constant current of 10 mA per gel until the
was used to study the ability of campylobacter strains to tracking dye entered the separating gel: the current was then
attach to INT 41)7 cells overlaid with a layer of intestinal increased to 15 mA per gel. Phosphorylase b (molecular
mucus. Polystyrene wells containing monolayers of INT 407 weight, 92.0({X)1 BSA (66,2({)). ovalbumin (45.0()). carbonic
cells were washed twice with 0.5 ml of HI-I buffer. Immedi- anhydrase (31(100). soybean trypsin inhibitor (21,500)1, and
ately after the wells were washed, 0.4 ml of rabbit small lysozyme (14,4(8)) served as molecular weight standards.
intestinal mucus (1.0 mg of protein per ml) w as added to each Protein bands were visuali/ed by Coomassic blue staining.
well. Bovine serum albumin (BSA; 1.0 ing/m) was addcd to Collection of intestinal secretions. The lavage technique of
control wells. C. j'jni cells were washed in HH buffer and Elson el al. (9) was used to collect intcstinal secretions for
resuspended to an optical density of 0.95 at 60) nm. After rabbits before and after infection with C..frjuni HC. Somze
mucus or BSA had been added to the wells, 0.25 ml of C. lavage samples from rabbits infected with ('Juni ItC were
jejuni was carefully added to each well. The bacterial sam- adsorbed with C. .ijitni tIC flagella. Flagella (0.3 mg of
pies were allowed to run down the sides of e:w-b vel! and pr-in were ult ricentrifuged at l(0),() I i, for 1 h and
across the upper surfaces of the mucus layers to reduce the suspended in 2.0 nil of lavage fluid from previously infected
effects of mixing. The tissue culture plates were then incu- rabbits. The lavage samples were then incubated for I h at
bated at 37"C for 3 h. At the end of the incubation period, the 4'C with occasional mixing. Lavage samplcs were then
wells were washed, and the number of INT 4(17 cell-adherent recentrifugcd to remove the flagellum-antibody complexes
bacteria was determined as described above, and stored at -20'C.

sIgA EIISA. Anti-C. jejuni IgA antibody was measured in Calculations. Results were expressed as the mean of
rabbit intestinal mucus samples. florseradish peroxidase triplicate sets of wells within a given experiment. All cxper-
conjugated to goat anti-rabbit sIgA was used to detect rabbit iments were repeated at least three times. Student's t test
sitA to preparations of C. junmii ItC flagella. Goat anti- was used to determine significance. I' values exceeding 0.OS
rabbit sIgA was raised against rabbit colostral IgA, affinity V', ,'o, sidrcd not siglnicaul. Numbers of adhcrent bac-
purified (mant.-i-, ir nre' ,,l's"l. and l.onjugaled to teria were calctlated from the formula: (cpm/wcll)/(cpmml
iorseradish peikoaidase by Kirkegaard and Perry Laborato- X ImliCFUIJ) C'U/well.
ries. Gaithersburg. Md.). Rabbit intestinal mucus samples
were also screened for anti-C. jejuni lgG antibody by using it RESILTS
horseradish peroxidase-labeled goat anti-rabbit IgG prepara- Mucus inhibition assay. An overlay of intestinal mucus
tion. All samples were uniformly negative (enzyme-linked from normal rabbits was it greater impediment to campylo-

89 10 21 090
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TABLE 2. Interaction of C. jiJuni HC with mucus 6
and lavage samples 0,

.4
INT-407 cell overlaid wkith: FU. E

IMP well o

C.)

Expt I
BSA ........ ....... ......................... 14.8 ± 0.8 0
M ucus ............................................... 7.4 ± 0.1 0 4 8 12 16 20 24 28 32

Immune mucus ...................................... 2.1 ± 0.2 Retention Time (mini
HC-adsorbed immune mucus ....................... 7.1 ± 0.6
Pre-lIC lavage/mucus ...... ........................ 7.8 ± 0.6 FIG. 1. High-pressurc liquid chromatograph elution profile of
Post-HC lavage/mucus .............................. 2.6 ± 0.2 C. jejuni HC flagellum preparations. Flagellum samples were chro-
BSA/plastic control .................................. 3.1 ± 0.2 matographed on a Waters 840 high-pressure liquid chromatograph

by using a WISP 710 injector and an SW-125 Protein-Pak exclusion
Expt 2 column. The running buffer was 0.01 M Tris, pH 8.0, and the flow

BSA ................................................. 12.3 ± 0.2 rate was 0.5 inlm in.
M ucus ............................................... 6.8 ± 0.5
Im m une m ucus ............................... ...... 2.6 ± 0.07
HC-adsorbed immune mucus ........................ 5.1 ± 0.5 immune mucus was not significantly different from unad-
K-12-adsorbed immune mucus ...................... 3.1 ± 0.2 sorbed immune mucus in its ability to impede attachment
BSA/plastic control .................................. 3.1 ± 0.07 P < 0.005).

Lavage fluid, collected from rabbits before and afterImmune mucus samples were adsorbed with approximateiy 5 -ti CFU exposure 10 C. je'juni HC, was added to samples of normal
of C. jejuni HC or E. tcoli K-t2 for 1 h at 4°C.
' Rabbit intestinal lavage samples were obtained before and after exposure mucus and used in the inhibition assay. Mixtures of normal

to C. jejuni HC. Lavage samples (0.1 mli were mixed with 0.3 ml of normal mucus and post-HC lavage fluid were similar to immune
rabbit mucus and used in the above mucus penetration assay. mucus in their ability to block campylobacter adherence to

the underlying INT 407 cells (Table 2). Pre-HC lavage fluid
bacter adherence to INT 407 cells that was an overlay of added to normal mucus was similar in effect to mucus from
BSA (Table 1). The mucus overlay impeded the seven tested nonimmune rabbits.
C.jejuni strains to a greater extent than did the BSA overlay. sIgA quantitation. slgA antibodies directed against C.
In addition, mucus obtained from rabbits previously colo- jejuni HC were readily detected in both the mucus and
nized with C. jejuni HC was more effective in preventing lavage samples from previously exposed rabbits. slgA titers
bacterial adherence to the underlying INT 407 cells than was were measured against C. jejuni HC flagella (Table 3).
mucus from noncolonized, nonimmune rabbits. The immune Adsorption of immune mucus with whole-cell preparations
mucus overlays reduced the adherence of strains HC, M . of C. jejuni HC significantly reduced the levels of slgA,
F-, BS, and BN-S to background levels. Only strain WR-6 whereas adsorption with E. colt K-12 cells had no effect
showed no significant difference in its interactions with (Table 3).
immune and nonimmune mucus. Antibodies directed against antigens other than the flagella

The ability of mucus for rabbits previously colonized with must contribute to retention of the bacteria within the mucus
strain HC to effectively block cell adherence suggested that layer. Lavage fluid collected from HC-infected rabbits was
antibodies in the mucus could be associated with this phe- adsorbed with HC flagella (Fig. I and 2) and used in
nomenon. To determine whether this was the case, mucus subsequent inhibition assays. sIgA ELISA assays showed a
from rabbits fed strain HC was adsorbed with whole-cell fourfold reduction in sigA against the flagella (Table 3), but
preparations of C. jejuni HC before being used in the mucus this reduced antibody level failed to significantly increase the
inhibition assay. HC-adsorbed mucus from immune rabbits number of C. jejuni HC cells able to reach the INT 407 cells
was no longer able to prevent the adherence of C.jejuni HC in the mucus inhibition assay (Table 4).
(Table 2). However, adsorption of HC-immune mucus with Campylobacter agglutination. Campylobacter in tissue cul-
E. coli K-12 had no effect on the ability of immune mucus to ture wells containing immune mucus tended to aggregate
impede C. jejuni HC (Table 2). E. coli K-12-adsorbed into large clumps, whereas campylobacter in normal mucus

or BSA did not (personal observation). Campylobacter cells

TABLE 3. sIgA titers in rabbit intestinal mucus and lavage
fluid measured by ELISA A B

Rabbit no. Sample sJgA titer"
92,000

82 Immune mucus 320 66,e00 - .
82 HC-adsorbed immune mucus <20 45,000 0 - T

Control Normal mucus <20 45.000 (•COPY
64 Immune mucus !20 41,000
64 HC-adsorbed immune mucus <20
64 K-12-adsorbed immune mucus 320

21,500
71 Post-HC lavage 320
71 Flagellum-adsorbed post-HIC lavage '  80 14,400 ws d s3 s
sIgA titer measured against purified preparations of C. jcrjuni HC flagella. FIG. 2. SDS-polyacrylamide gel of flagellum preparation from C.
Lavage samples were adsorbed with a purthed preparation of C.jejuni HC jejuni HC. Protein standards (A) were routinely included in each get. or

flagella. Molecular weights of standards are shown at left.

P I I!
v . .. . . -
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TABLE 4. Effect of flagellum adsorption on campylobacter Adherence to the underlying INT 407 cells was completely
interactions with rabbit lavage samples inhibited if the bacteria were presented with a layer of

CFU, intestinal mucus that contained sigA against C. jejuni HC.
INT-407 cells overlaid with: l0"',el The importance of specific antibodies to campylobacter was

BSA ..................................................... 31.3 _25 shown when the mucus sIgA titers were redu2L. by

Mucus ................................................... 8.2 t 01 preadsorption with C.jejuni HC whole cells. W hen this was
Lavagemucus 1:3................................ 0. done, mucus was no longer able to completely prevent
Lavage/mucus (1:7) ..................................... 4.2 0.2 campylobacter from attaching to INT 407 cells. However, it
Flagellum-adsorbed lavage/mucus (1:3) .................. 3.1 0.1 was important that mucus be present with the antibodies to
Flagellum-adsorbed lavage/mucus (1:7) .................. 3.9 :0 0.2 be effective. Only when anti-C. jejuni HC lavage samples
BSA/plastic control ..................................... 4.5 ± 0.4 were added to nonimmune mucus was b..cterial adherence to

Total volume of lavage fluid and mucus dilutions as 0.4 M the underlying cells effectively eliminated.
Together, intestinal mucus and sIgA formed an effective

barrier to bacterial attachment to the cells. In the presence of
trapped within the immune mucus layers appeared to remain sIgA-containing immune mucus, C. jejutni HC cells were
viable. Aggregates of campylobacter cells collected from readily aggregated into large visible clumps within the mucus
some of the wells and streaked onto blood agar plates layer of the assay and in microtiter agglutination assays.
produced heavy lawns of bacterial growth. Nonimmune mucus and lavage fluid from C. jejuni HC-

In a subsequent experiment. microtiter agglutination as- colonized rabbits separately failed to agglutinate campylo-
says were run with serial dilutions of immune mucus, normal bacter cells. A similar agglutination reaction may be in-
mucus, and post-HC infection lavage fluid against suspen- volved in the rapid, in vivo clearing of campylobacter from
sions of C. jejuni HC. Only immune mucus agglutinated immune rabbits (3).
campylobacter cells. The failure of C. jejuni HC to be Antibody-containing mucus for C. jejuni HC-infected rab-
agglutinated by sIgA-containing lavage fluid or normal mu- bits was effective in impeding several other strains of C.
cus separately suggests a cooperative role for mucus glyco- jejuni. This suggests that there is considerable cross-
proteins and sigA in the aggiutinating and trapping of cam- reactivity among the tested C. jejuni strains. Complete
pylobacter cells. serotyping by the Penner and Lior systems (26) for these

strains is not yet available, but Western blots and ELISA
DISCUSSION data both confirm the presence of cross-reactive antibodies

from immune rabbits (manuscript in preparation).
C. jejuni is a motile, spiral-shaped organism that is ideally During infection, antibodies are made to a variety of

suited for traversing the mucus gel. It is cbemotactically campylobacter outer membrane proteins (2. 26) and to the
attracted to mucus (16). it is highly motile in the viscous lipopolysaccharide (21). The flagellum has been identified as
environment of the mucus (19), and the flagellum does not one of the immunodominant antigens of C. jejutni (26).
bind to the mucus glycoproteins (24). Hazell and Lee (15) Adsorption of immune lavage fluid with C.jejni HC flagella
described mucus as "principally a medium nermitting the reduced the sIgA titer against this antigen but failed to
passage of the bacterium to its colonization site. However, improve adherence by C. jejuni HC (Table 4). These data
we have shown that its ability to adhere to mucus-covered suggest that sIgA antibody is likely to be directed against
cells is affected by the presence or absence of sigA. The additional antigens on the bacteria surface. This observation
inhibition assay also demonstrated cross-reactivity among is supported by our data showing similar effects on immune
C. jjutni strains and the importance of mucosal antibodies mucus preparations on flagellated (I -. BS) and aflagellated
directed against nonflagellar antigens. This assay may pro- (F . B-NS) strains.
vide a convenient tool for dissecting immune responses to
campylobacter infection, identifying important cross- ACKNO\WLEDGMENTS
reactive antigens, and determining the role of motility and
chemotaxis in adherence. This work "as supported bh the N av Medicat Research and

In vitro assays are likely to be complicated and modified in Development Command. Research Work Unit no. 3M 162770
vivo by factors that are not reproducible in currently used in A870AS309. E.M. is the recipient of a National Research Council
vitro adhesion assays (12). Franek et al. (10) sugge .sted that Resident Research Associateship.We ar:, ind&bted to Paul S Cohen of the )epartment of Microbi-
sIgA functions have been difficult to reproduce in vitro oiogy. University of Rhode Island, for suggesting the de, eopment
because of the loss of mucus normally associated with of the mucus inhibition assay used in this study. We thank Sarah
mucosal epithelial cells or because of the loss of important Kirtland for performing the high-pressure liquid chromatograph.
steric arrangement between sIgA and mucus. work. A. t.ouis Bourgeois for the slgA ELISA result,,. and Richard

We addressed some of the shortcomings of in vitro adhe- Grays for providing the INT 4117 cell nionola\.ers.
,ion as,,- I y ,using a systcn that employs a monolayer of
INT 407 cells overlaid with a crude preparation of rabbit LITERATURE CITEI)
intestinal mucus gel. Thik svstcr reqiiirc,' - inkr Up-N !. G.. L. S. Adam-. and *. 16%. Otdn. 1J 1ti
act with the mucus layer before being able to interact with mucus trapping in the rapid cxpulion of Irioi(t llo kpiralis h
the underlying cells. With this assay, we have demonstrated rats: induction and epressii n anal.ied b qtantlitive wkorm
that the adherence of C. jeju ni strains is significantly im- recoer,. ,nfect. Immun. 45:267-272.
peded by the mucus. This is consistent with a previous 2. Blaser, .M. J., J.em. Hopkine, and M. L. Vaoil. 1 h8m. a

report showing that these same strains of campylobacter Infect. tmmti. 43:9 6--t93
were able to bind to a film of mucus gel gl coprotein, (24). In I Iadell. I B.. R. I. \Wker. and S. t). Stewart. 1983.

this report, hinding to components of intestinal mucts re- Development of an adult rabbit nodel of (Cmuoipeihot 'r infec-
duced the number ot ( . ieutti cells able to reach and attach lion suitable for testing immune responses to disease, p. 114. It
to the INT 407 cell monolayers. A. 1). Pearson. M. B. Skirrok. 13. Rowe. J. R. I)uiaes. and



VOL. 55. 1987 CAMPYLOBACTER MUCUS PENETRATION 1435

D. M. Jones (ed.), Campylobacter II. Public Health Laboratory 16. Hugdahl, M. B., and M. P. Doyle. 1985. Chemotactic behavior
Service, London. of Campylobacter jejuni, p. 143. In A. D. Pearson, M. B.

4. Caldwell, M. B., R. 1. Walker, S. D. Stewart, and J. E. Rogers. Skinow, H. Lior. and B. Rowe (ed.), Campylobacter Il. Public
1983. Simple adult rabbit model for Campylobacter jejuni Health Laboratory Service, L, ndon.
enteritis. Infect. Immun. 43:1176-1182. 17. Lake, A. M, K. J. Bloch, M. R. Neutra, and W. A. Walker.

5. Clamp, J. C. 1977. The relationship between secretory immu- 1979. Intestinal goblet cell mucus release. I. In vivo stimulation
noglobulin A and mucus. Biochem. Soc. Trans. 5:1579-1581. by antigen in the immunized rat. J. Immunol. 122:834-837.

6. Cohen. P. S., J. C. Arruda, T. J. Williams, and D. C. Laux. 18. Laux, D. C., E. McSweegan, and P. S. Cohen. 1984. Adhesion of
1985. Adhesion of a human fecal Escherichia co/i strain to enterotoxigenic Escherichia coli to immobilized intestinal r-u-
mouse colonic mucus. Infect. Immun. 48:139-145. cosal preparations: a model for adhesion to mucosal surface

7. Cray, W. C., Jr., E. Tokunaga, and N. F. Pierce. 1983. Success- components. J. Microbiol. Methods 2:27-39.
ful colonization and immunization of adult rabbits by oral 19. Lee, A., J. L. O'Rourke, P. J. Barrington, and T. J. Trust. 1986.
inoculation with Vibrio cholerae 01. Infect. Immun. 41:735- Mucus colonization as a determinant of pathogenicity in intes-
741. tinal infection by Compylobacterjejuni: a mouse cecal model.

8. Dinari, G., T. L. Hale, 0. Washington, and S. B. Formal. 1986. Infect. Immun. 51:536-546.
Effect of guinea pig or monkey colonic mucus on Shigella 20. Logan, S. M., and T. J. Trust. 1983. Molecular identification of
aggregation and invasion of HeLa cells by Shigel/a flexneri lb surface protein antigens of Campylobacter jejuni. Infect. Im-
and 2a. Infect. Imrmun. 51:975-978. mun. 42:675-682.

9. Elson, C. 0., W. Ealding, and J. Lefkowitz. 1984. A lavage 21. Logan, S. M., and T. J. Trust. 1984. Structural and antigenic
technique allowing repeated measurement of IgA antibody in heterogeneity of lipopolysaccharides of Campv/obacter jeiuni
mouse intestinal secretions. J. Immunol. Methods 67:101-108. and C'anpylobacter co/i. Infect. Immun. 45:210-216.

10. Franek, J., J. Libich, and V. Kubin. 1984. Mechanisms of 22. Lowry, 0. H., N. J. Rosebrough, A. L. Farr, and R. J. Randall.
antibacterial immunity of mucous membranes. Folia Microbiol. 1951. Protein measurement with the Folin phenol reagent. J.
29:375-384. Biol. Chem. 193:265-275.

11. Freter, R. 1969. Studies of the mechanism of action of intestinal 23. Magnusson, K. E., and I. Stjernstrom. 1982. Mucosal barrier
antibody in experimental cholera. Tex. Rep. Biol. Med. mechanisms: interplay between secretory IgA (SIgA). lgG and
27:299-316. mucins on the surface properties and association of Sahnonellue

12. Freter, R. 1981. Mechanisms of association of bacteria with with intestine and granulocytes. Immunology 45:239-248.
mucosal surfaces. CIBA Found. Symp. 1980:35. 24. McSweegan, E., and R. 1. Walker. 1986. Identification and

13. Gebbers, J.-O., and J. A. Laissue. 1984. Functional morphology characterization of two Campy/obacterjejuni adhesins for ce,
of the mucosal barrier, p. 137-168. In V. Rusch and T. D. lular and mucous substrates. Infect. Immun. 53:141-148.
Luckey (ed.), Microecology and therapy, vol. 14. 25. Rozee, K. R., D. Cooper, K. Lam, and J. W. Costerton. 1982.

14. Gibbons, R. J. 1982. Review and discussion of role of mucus in Microbial flora of the mouse ileum mucous layer and epithelial
mucosal defense, p. 343-349. In W. Stober. L. A. Hanson, and surface. Appl. Environ. Microbiol. 43:1451-1463.
K. W. Sell (ed.), Recent advances in mucosal immunity. Raven 26. Wenman, W. M., J. Chai, T. J. Louie, C. Goudreau, H. Lior,
Press. Publishers. New York. D. G. Newell, A. D. Pearson, and D. E. Taylor. 1985. Antigenic

15. Hazell, S. L., and A. Lee. 1985. Motile strains of "Campylobac- analysis of Campy/obacter flagellar protein and other proteins.
ter pyloridis" and their adaption to and behavior in B gastric J. Clin. Microbiol. 21:108-112.
mucus, p. 189-191. In A. D. Pearson. M. B. Skirrow. H. Lior, 27. Williams, R. C., and R. J. Gibbons. 1972. Inhibition of bacterial
and B. Rowe (ed.). Campylobacter Ill. Public Health Labora- adherence by secretory immunoglobulin A: a mechanism of
tory Service. London. antigen disposal. Science 177:697-699.

0 m- i., ml l llmml liHmm .a,,-,


